Histological and cytological changes in the maize embryo during germination by Picklum, Warren Eugene
Retrospective Theses and Dissertations Iowa State University Capstones, Theses andDissertations
1953
Histological and cytological changes in the maize
embryo during germination
Warren Eugene Picklum
Iowa State College
Follow this and additional works at: https://lib.dr.iastate.edu/rtd
Part of the Agriculture Commons, and the Plant Sciences Commons
This Dissertation is brought to you for free and open access by the Iowa State University Capstones, Theses and Dissertations at Iowa State University
Digital Repository. It has been accepted for inclusion in Retrospective Theses and Dissertations by an authorized administrator of Iowa State University
Digital Repository. For more information, please contact digirep@iastate.edu.
Recommended Citation
Picklum, Warren Eugene, "Histological and cytological changes in the maize embryo during germination " (1953). Retrospective Theses
and Dissertations. 12799.
https://lib.dr.iastate.edu/rtd/12799
NOTE TO USERS 
This reproduction is the best copy available. 
UMI 

ii:SfoijD«o^ km omsti# a ws eaiii ^mm 
3mm§ #»iiiAfi» 
»fm® Floklua 
A Bi«fi#3?t«tl#tt. SttMlttst tfct 
St»aduate Faoiaitf lit Fartlal Palfill»«t «f 
•ffet rnqm^mrntm f@r tit i-sir«» tf 
m^WB m wMWomwm 
l®si @f Major '..-v 
B:@ail "iFa&at® i©ll®f© 
t§m Stmt:9 
ItiS 
Appw'fiti 
^/Qhargs of Mrn^m WolE 
Signature was redacted for privacy.
Signature was redacted for privacy.
Signature was redacted for privacy.
UMI Number: DP11861 
INFORMATION TO USERS 
The quality of this reproduction is dependent upon the quality of the copy 
submitted. Broken or indistinct print, colored or poor quality illustrations and 
photographs, print bleed-through, substandard margins, and improper 
alignment can adversely affect reproduction. 
In the unlikely event that the author did not send a complete manuscript 
and there are missing pages, these will be noted. Also, if unauthorized 
copyright material had to be removed, a note will indicate the deletion. 
UMI 
UMI Microform DP11861 
Copyright 2005 by ProQuest Information and Learning Company. 
All rights reserved. This microform edition is protected against 
unauthorized copying under Title 17, United States Code. 
ProQuest Information and Learning Company 
300 North Zeeb Road 
P.O. Box 1346 
Ann Arbor, Ml 48106-1346 
P S S T h  
mmM m mnmnm 
nmim m s 
mfmim Am mmm&, t 
oisffimTOii in 
^%|^4tl@a #f Water 12 
tost«4i«l «A m 
ttei teii if 
frm the p%ri&st3Pp . . * • • « . .  
Re-lnltlation of mitotic ostlvlty , . • • . S4 
iarly growth &r& differentiation SS 
Aiiatoaioal m& §yt&l&gii§gd. Ghaagti in 
the ^ , 31 
fhi faa©iilar sf«t« 31 
The epithelium 36 
The soutellap fiupea#^* #D 
0®apij»»ti"fe #f Inbreds m& Ijrtorttg • 44 
Relative differentiation of the mibr^0 ... 45 
aelatlTe tiite of growth reeumptlon . * » . , 81 
®IS0®SOT S3 
Bvmmi 58 
MmQmmmm is 
um&fim mtm m 
no iss 
3 
I I  S g § I I  
f  I  
I  I  
i  f i 
I  
a 
i 
im t# •## ©f mimtU mtgwity aa« mlrn^ 
Mm d®gi*«# &f of' 
•f 
s 
§ 
s 
# 
5 
i 
# 
2 f 
d € 
^ * s i 
>ri 
M % 4a m 5 1 1  
I M  1  ~  ©  
1 I 
3 
P sS 
-  i  S  »  
1  
1  S  
i ;  
• • 
I I  
1 1  
_o ^ 
s 
s  A 
® 
» I  
•%4 
#• 
m $• t 
i 
i I 
5 
f 
s 
J  
h 
m 
%4 
e 
i 
irt 
tMI 
i 
J  
m 
a 
f 
i 
§ 
i 
I  i  I  
5 
§ r4 
I  S m 
m 
••<•-
5  
%4 &• 
I  
I  m 
«l: 
f-f. 
© 
t 
t 
«4 
#s 
« 
#»• 
i 
r4 
O 
&  S  
I J  # *  $ 
1 
14 
H# 
m 
k 
I  i  
I  I  o ^ 
I I  
m 
m 
g 
« 
1:1 
o 
Sh 03 
>» 
1 
4Et 
I 
s 
•ri *» 
s 
? 
1  I  I  I  ? a " S  J  
I  
1 
I  
« 
%4 & 
& 
•5 
Si 
f 
« 
ant (13) ^  to & ttttir tlit 
h^Ximm ttot m vlsetttt flwM. t« "bj :Spt#ii^ ii#t 
ill tht '^ Itliiltwi twi»lttg fees# 
ftyiiitmrts- wtr# ttteatlit t® glmti, iiltMmgfe .ai^ tartt 
t© ^ tlapl# iifaisiafi ©f til# iKtttli©Fi 
adtit tk&t ©f xyl«® &mmw» ia. tfe# sata baail® 
@f th% S'Outellw® mttm %M ©f &!» 
^€l« *ii %© fet %as4®sl.lr a ©©llattiPaJl ^€1®, 
aXthottfh It ifi affiphiTassX mlmm mrnrnm #f it« temaetoiaf , 
toablt. 
§&§•«? Ct| alft tofeXtliigi In tii® 
w# gXmm ttet m«f ®mSA .»©% f^-isifoXy f^tittXt 
fvm iirittg t«f8X®p««f #f th« 
f&@X« |1?) gfwtoatiai »t,«« soitXjr tm» thi® 
itaatpeint @f tli« pa"lf«» ©f 
Qhmsm .in. ©f f©et 
M th« ^fery© *ft4 «».* 1# 'iatXii«tt »m® 
mm fmm smtimM km^ 
R®lS» 
Atmf Cs) & gmsml @f tto® ms»ttXai» 
sfMtm &f tie S0.mf«Xl:*tt •xit,. nat t@8«yil3®A th® 
^®s iiiftifi' ®f g«*|aa%i©m ®f tfc# ee« 
©f th# asiHf i;l»t .tev® "betft. aafi® t® ti#*' 
the tefia fm b^-teFld ®f th® «l3*»r© ®f 
mm liaf® 1>®®a aasttg tli® toptrtaat, »«t ®f tli®®® 
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iff aatttf was M -ffciaa in %li® 
¥«$,. th&t tte® fatti #f ptlft to wel^t 4i€ atf fsrsIii, 
mmtmt tirsat #f tit# 
ShMiw lii) &mpmt0€ th® wlgbts titt •wbpi'® axi# 
lit :ijii.' tm :b^Wi$8, It • fIMt «©«.# liffepiti 
w«3?'« a© tl«ii tli«ip p^wt inbreds, tet mm 
.kmwi» tkm iifh«i» inbred psr©nt, M leW' o&rmlMtim m$ 
t&m4 mWy^ mlM wsiAt «i the wtlghtti #f 
111 -grewtli »%#•• tf vafitat farti ©f tli® 
itttatl, aat Sprague (S) found m'^ w  ^ t© bi 
'iii tat l^brid, but in tfae .p®©ipf©!@il l^bridg tsbry'O 
wtlitot w»s a© ^m%9w tiM is iabr)  ^pstwmM* flit w®igli% 
te#jri»ie la Qm hybrid was attributable t® a larg» «sbi^®| 
wfaiii tb# fa.iii ta la • tfci® %fWi  ^ m& d*i« t© 
a larger ®ttd®ji|i©i«* 
ffet fact that teybjpid *,l^r la wta Is  ^oft® 
In tJte# aatsr# i«®i %r tli® prtsttt®* of m largw •«€ 
tMt. .in #%fa®r hybrids^ m a® larger ttofem that ©f 
%m$m labrtt is Itrntts mmf «»«aiw«r@d, 
tti.tf» prfl»bli«is :|0 tii&t #f rtlfttlf© @.f 
mhipfm mm though tj|#f jw-f b® #? saa# aippjp©:^!*^® «ts@ 
m dif wtifht, 
ftifpluMiar *«ri.it«8s ©f iBbrtd sad lifbrid ®»bry0s weft 
^ Bliidi©s» (S), bttt at tis® differ«ii#«'m® f@i«id 
fetlwta th« aai tbe aor® iatirit pai» i^. la 
.tearing mmlmr ii.sf In ttt# stm tip, mlf #tte hfWM 
ttete palri sf rmlpwQmX ^^14# Iia4 la tfe# 
than tlifi' |ii^ «i partoti, 
m$m 110) liistologif&l, d^tlspatut la iai>r«4 
f®]p@«a .Mit €t»t mwm timm aai Itesir t»«iipf'0«aX 
vi^r *s iffldeat in tfet »j*t »pli 4iff»«atlEttiia 
@f tm .ratiel# nftt Itt %he »%« «f Imt teitlatiett Sariiif 
w«r® mt. mm@l9tm%lf stip-«Fisr to 
wm» ia tbt tf all In gmmrnl tli# 
aatetalnsi llii »«»«$&§« mm %hM sateroal. iiifer«a 
pmmt., 
fmlmhitA fi) ©d^aiPM ialirtti aat tfetiy ipf®ip^@©al 
wilk t© pm%e iiistoltgltal i.#rtl®pa#Bt 
®f 2.w#»^ Wmmmm% ©f ptmmlm^ fimt iaffmote m& 
«t Im %M ti»« ©f ialtiatiea ©f s»alaal rmte  ^
-d^rtisiwi @f fa@l«roil» mm mlAmt in must 
.©.f tlf #©afi4©ift4,. witM tte® liytel.t# «w#@€tog tto® 
asri ia"te»«a, la iaitlatioii of 
s#aiii&i tfet rmipmml ^WIAs wm%' i&mrnmiMtw feat 
tsa#t4 t& rnppmmh mme in ttel« r®spe«t* 
Mmmip lit) tn© ia^#a« ant Mkwir ^%r$A i» 
ip«g'&i»4 te hmtel&0,ml tirr«l#ps«t gwaiitatloii, H® 
##apaF^ «t®a tif wtlgfet 
lesf'ttg mti© l'«af lm0h t® wiiilit tf mf®alai» 
aw^tr mA »i»-ea ©f fss#«3imp taftAlis m& sl«ts 
#f i#at tatemlaj? dmrini iwflspstat #f %!»• 
it fial flit sttali»ettt ®f ^mtm sig.# If lirteldt 
is a f»§#t8 Aiitiatt twm Itiat ooatrolliag 
Mm&BteiM |4| 80*p««A i®a« iRfereti mA tfeetr 
»©si.8 as 'ary wtighti 6f, aal «t#Sfew, 
w4 til® of ttes m^mpmm rmBmevm, B&t 
feybpide w«« f©w€ t# fr^w »©!•« taring tht fliNst twe 
@r tl»©t is atttiM-l-ii tlili t© tli® 
®arli.fr #f #»€#§»•* Is tfii 
/ 
lEt«!?pr#fift as & rtittlt «f a qiiltkw tm 
mm. %U% fortgeiat It t«i fe® s##® tl»t 
li«tti^.iii .mf to# ia fh# fafei»y0, m% mf fives ag#., 
.in gr®&-|«i» 'tor weight, flat tf ©i^gass ant tlssme® ©y 
s itgre# tf if tts8m#«| s$tw&l 
&tfm% tf e*#ii @f tfcti® ttt tttiMlalag tht 
&%m @f t»« 1ft lai»g«' jpart 
ft*! t® fe® 'tti# fstt that it«  ^ he sxhlb '^ 
tttrittg tit wflPlitit fliafti Has l>®t» 
iitti# ao-r@-thaa to t&is 
firm#*' i»'r#itlg«tl©ii. 
mfmms amb MWBms 
fke ©«» m»it ia tk%$ it«tf m§ tMm0. tM 
mw^mf ©f s. w, Qpm$&.» ©f th« l^ m Ststt 
I^S,. ItfgSi,. Qi4t0 0«4ii|, 
iiiigt^pdrsssti l»i * hM§- sat §g4i0 x ^4Si| out th# 
©ro«s (1200 X L?B9| * ct»4® X ©i4t«|., #tli«ivi«i ta@w as 
mm t3i| wsrt th# lints stttiiti.. Sit s^ti @f alJ. ialsrtdi 
*s. fi«a tto® liiO #r®p| ttet ©f tli® Stegif «d tenbl#*' 
0r©«ief i»8 iwm tfet liai @«if. 
fe# ketntli mm- temiasttt in ®3.«&r plasti© 
%m #ri«p»i, with iusiA® timtasiiia® '©f 1Q§ in* x ?! in. i: 
Si iii, fli# snb§%mtm msM. t»s gplispiia »©«« Aieli ^4 1sf«i 
.tferemgfe a »«ih ser@« t©- allew .^sitr 
tontliag aat a®i»« miform ia th® ©ri«p«i*i.. Bsfort 
w«®, tfet 8pliaga«B plmmA. %& iliaildw trays, 
for oa# tettr wit mt atit# fm & tm flitys after 
w^ieli it ms wtstoti &R4 tm ©iit 
Ii#t4r» fhis pr@t'iA«rt eamieA tli# feri«M©wa aat rtaoml ef 
@rgaoi# «»t-«risl» i»li.ii^li t^tet 1® empp^rt tto# p'owtli of 
tm-gi iritliia th® erisftri, 
fsrty t© fifty k^@is t® t»«ii®ftt#A wtr« 
flatii. is meh tritptr' aat «p&©©a W l»»i @^tr tli® imrfae# 
©f a iaytr tf 'partiallf mmm%eA,g w@t gpte&giwi &ppwm%m%Mly 
®at»fealf iii«.li thiG .^ A giailar layw *« prtiiti a©im firaly 
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twlftg' tb® pmM ©f F» meM tellsefton, mil 
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mwUim.gi tilt Mr® &€*wi#«A aat tli« %mm ttfmaeeA 
kei*»©|.f ware a«t th® tm t® tw«lT© k®i*» 
ii«li w«r« tfiaa^ tm tlmtlm* 
Ml «at»ial m9 Elllti la Qwmi Itt mA m§ 
sai miitwmtm witM wm mslaf tfe® dioxan-noraal Mtrl 
lidl wtr« #mt aior®iii to tfeittetii ' 
m©@Mi @f lissw w»r» ifsJfett la »« wmtm 
(141.• StaiBJ wm%' , @i»yitii3L 
«Bt gafranla-fait' 
iodlft.® 'Silt .gr#ea staMlag mmbimtlmw *®i?® 
feitti -10 'fet tm all ©ytelsgltal i««. 'teiit®!#®!®®!. 
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iR'bifeifi©!! @f wtm 
ii§awt« df a p.ttaXiarlti' if «i m appartatlf 
rifM patttra ift til# i?e«iaptloa #f gwito fir©a tM# irr, 
^»aat itmt#, it %##&»# mt&wet %©• tfe© path of 
mtmnm «f w.1««r iiit® tto« @«» 
sf««# iittw®«n the mll§ im ® sea# -s«ri?@wtteg tto# 
tit :«?#• 0aia#S4»at witii p^rm Im ttoe li«6V|' 
'-thtt® aiifMt ®ptatn§s tot® t,li« tlfsw® ©f tfe@ 
mlmrkigm (fig:. wmmptim is ttt tsferr®, m 
fey the prmmm «f b«gtei in th# 
ant fr©p*#8##f itpwii»lu. 
ttii ^©wfli tte# Img® 0f th#' 
'mpwrnyi, t©g®th@^ witli tkt ®«#ai»3?®ii@t ©f -©ijeaiisg® int® 
tftf teltejPtoltm Mmggmt tw© q^titltais il) €##« th# laMtel* 
#f wsttf ©©t'lr tfc® test ©f the iM) if 
s©^ is tfe« @f attySiiwtatt® •© a 
si®ii«p @f I^teil5lti®ii ©f i«t@r i» 
wst@r is M& t© «»t#f fit lEeMtl t&e 
tetal flit, «i thii mf fe® tht prlaelpli •|».tli ef' 
«at»it©#' ©f wBt@r ill to t&t @#» ar® tm«8tl®»a of 
It mw smm M l@tt.f£t« l^aaX §m** 
tim9 ®f th« tk&t til® tt»sa# @f tii® pmi^wl Ai@h 
siif3?@»af tlt«' 0ld wsimiaa? t#aa«#%itai larg# iatti^  
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Att&f thf feasal' tw© to four 
aetirg ©f §.©»« MmmXe w^m &a«i-
afttiea freeliwt »t®flonf aMwm th&t %h« i*ati@le m« 
fairly wtlS. iablb®t not aat ttiat tb« tii» 
sum @f tM# pttio®! tte« #0l»©rbi»i w®i?© ftmin«i ir##a 
Ijy tfa# 4f* tfcftt wai @swi#t epumra itt tit® *t«r. Attew 
f^rty-elglit. 'tli# l©ws^ Mlwm$ ©# mar ®f kem®l» 
v«® twgid, femt mmt #f flia»l«8 i*«»aiiiit go®.®-
vh&% itemkfB a»t th% mppm- one^third ©f all .lE«r»#l8 
&ppmT^ to M ai»y, 
m m &MiMim»l 0kmk, th^ mm #f ktmelg 
with itnbrokefi wltto pXssti© ©saeat, 
aiit tfai t«t «,a4i ®f tits# k«wtls wert mff.ixet t@ tto 
b@tte» #f a sMlltw ttife witli a «»all- mmm%. ©f paraffin. 
wat«r- oontatJilBf «©»•« tsfrwla «g stt#i to th# 4ii& to  ^ tfeit 
ifffl @f tItt ©afts 9f tb« ktrnelt# Bi 
this mr, i«t« wai able t© ®Bt®r IM ktmilf «3E#«pt 
tosmgfe tli# ptfita*^, Aft#r «lgfet#«ft tfeta# 
lat i!Bbito«t m asotmt @f mter mmrlf wqml to t.3a« 
imbibea bf oheol %l»t ftst %««8 fl.ao.ii la ttot 
at tfe® sftst tiji#.» 
It mm»t b® ©©iielaiid f»s %&•«««'©biervatiea.® tlia.t wt^fr 
«teM tto« #«% b#tM thromgli th® ptriealp ant tter^mgfc 
tb® ipemgy timm «.f 'tli® l:ern#l i*#gi©ii, ffe® 
.aaomt ©f mt«ir • eatsrittg tht feeyiitl it« bast is 
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til® is i»- mmtmt witis a 
®f mtWi tt6^M»:g ii M^m mhmt tte» «f mtm 
ttongh tll« ^@3P«S# 
It aa«t %«' ti»t §©»dill0iif for ftot asxlam-
.iabllsitloii. a^# %f th« 
w«ft®ii0#, cif tte« M^ilf to mtm mt. wmm 
•©jrtoa^r •piantiiig mn&ltlom im tb# fl@M, it it 1.^ 1 '^ tliat 
^ my l»« ,i?«q^ii f«i* m® #f 
m# «oi2»t 9t m%m tmkm m telttg ^Igbt^m h&m» 
iM: mtWrn 'flis irtiloii tli« i$om m§ 
fm tbif. • tt«l  ^•ittiAoatot®«S.f ftJuiftit a %mm »t-® 
nf Utoifeitl^a tl»a a mt®T Mt « 
fliaii Mwmmg  ^ tMli, 
ta t&t mii 
«irt tfcbftt tafci ^la«» teiag 
aatj.©tt «»« 'i^ioii mw @f tli® 
0f' fto« Ht# p.ii?li* 
aat 'impM pNswtli ®f iai4 i&®o% .imt# 
tfet wM^sit #f g«j»th rtstMp*|#a ©©«»ii|r tailM 
tldn, first itspi to ^mm$ #f 'begin , 
§mm aft'«r the t««i ts smppll^ w%th tli» mmm&arf aoiattiy# 
aat a fi^optip wmm§ mmm &t 
#f mt:«p lata- -ttii i-tet,.. #f to ii^ii 'tuttttrs aat 
m aotiT® aetaljoli© »»t« if srtiWit. 
periearp fey %M mWy& &m tkt p*»««s»# tht 
toiiiitisii ©f mttr i»t® tiisttti #f tM« «ft tit 
|ir«s8m»# 'i& twtattt @f 
#f ««il.i m$m» !»• tto 
yaAlel# &ft«r f3p©ti«ii«i «# 'tu» mt^mm %m 
pmump, 
I»;|iif *1# lafe|^ ifi« «f %m li»»%«i #f l»t 
|@1.,« mM mlmrhlm wmmer tii#lf» m tfels %|»t 
th« tifsii# of the mm mp is #antl.Rii#ia witlj tMt ®f tih# 
mlmpmm Cflg# tl# lltl lit isfetMlion ©f 
tii« tlsittts tf tfc® «abi^o «trt sgaiast tht ptri* 
t#yp,. attm spti»d^a*#lr CaaAt '^ Isfe# ©#tt4l-
fl®a« #f giminstioa in thii sttttflt growtli ta l«gtlt 
©f til# 093.1# «f tli«. «©l«@rht» wi«M 
ik« ^©wtfc ttoe ©tlia @ii tfc® i&m 
111® 0t«r th# s®tit$llar ««€.« «!.«# t^gSja t# lji$'r@ss® ta 
i.i«# iFlgi* §•»»• i), Si« f«p|I #f tk@ @f tli«i« 
^i@li w® oof»tiii»i«i witte mmmwi ©«»§•« a 
d®a#i.t#ram« 'iaeswase ia fetijtg s^iast 
%m «f tfet pmmmwp* 
m» mttml «f tfe# teleorblg® ®i«wr« by 
of ifsagr at a peSji.-! tit# 
figs» Sections of ©rabryos of the inbred line L2it 
ftt taw ftmgea fiwriag mrtf §e»iiiat4oa, 
fig, f»: S®@tlo« ©f <»1ii7© at US hesr® &ft®r th® 
b«giaiilAg of tho tebiMtion of fh9 
^rotoplafiii of most osXls hsui siot 
into oontaet with all mils of th® cell. lOX. 
flf, i* Seotlon ©f embryo at M hours, fhe eolee-
rhi» h&s through tli# pDrioax^p, m&. 
mltotle aotlvit  ^ is beglimii  ^ in the radicl# 
at this 9t&g@* 101. 
fig. Bmtim of ^bsT© at » h@ttr»» Sloisgstios 
of the first Inteamod® has bopm. lOX. 
fl§» i, S®@ti#n of «teo  ^howi. ML&i^w®at 
of oelU over tii® iomt@ll«r roA® i« ©sfent-
U^llf «@iipl9t®  ^ attA %h® plti«A« h&0 ®si«rg®d 
frm tfe« p®ri6&rp «t this tl®®. 101, 
©r. toleorhlaai ®f, sowttllaj* plat®i flrtt 
lnt®r{iod® or aesoootjrlj v*!!* ii®ti«ua Taso'ular 
bmdle of th® goutollaa. 

•gs. 
©# til© 4 #a»ll iXup ©f p»3fi,@»p 
i« or€ia«ll|' lifftt »ai. #®l«orhl2a prtfiradf* %M-
©ftatef, 
Ikattiately aft#i» mptm  ^ ff th® pevi^mp $s a#©©®* 
plislitt, growth ^®gln,i iM th« of Ilis 
@oleorMi« e0»ttett«« &% a i»t@ §3p«&t@y •«!«. tiaf «f tfee faft« 
l#2.e, fbii Ik# .g^^aratloa ©f tfc« tisin# «f tlit 
•$®li@i»lil!B& fmm Wm tiiami #f tli# mm. ii# {fii» S), fto® ' 
root «ap tot p2?©ttt0®4 fey tht 
4«^tof wter^fwif, is @«ti#m«n# witi,, %m tistisgmistesbl® 
fwm the tissue tftit tki# i^pi«*ati#tt 
occurs (Fig. 2). 
§m§mi%mt wiMh tfeii p»@wi'!i #f Ite# @0l»0rlii.sa aaft tte« 
0iife8eq««iit pNswtli @f tto® it tli-.« fiirtfai«ip irewtli @f' 
tlif. tisstt® mm' %li« "ftt r®ti4 i»©r^s# in 
iist .«f tfcii tisitt# AwiRf tfeft-'fiT'St two i&r« of gtraiuattiott 
@Aiis#f tifei pericarp to t.mit ftoa tfe# point ®f of 
til# ooleorhisa towart top of Ifei ktra#!. fto# |j.«rioaii  ^
ssy ii^Iy split mm tb@ fat#', of tti© ©atoryo, lat .nor® offi® 
it %mm •al.oftg th» .«igt of ttet-temteliw «. @»« tiA« aat it 
p.ttifest atidt W ttei ««rfiaf iaportaRO# of 
this ate^te&iiiaa i» tl-tariag tfet for tfe« i»@'b«t^tei 
issirgwio® of t&i flwwi.# ,«t ,* .^iBai m&M i« 
fey oooasiosai in i^io  ^ tti« -pmlmrp 
m&-^% for tk® *te W the #@i#ortoi«a» "Xm «wh 
easts ptm^9 mM. smMml si^if grtw witfa^iii tfet 
f«l0ai^g sat In fti« itttl it tiling® woult net m^m 
^imm. «©Si,., 
.aiiayitr 
iimt mitQtu tifiiltas t« 000  ^ ia tli# @#i« 
tart»t 'pim-lJiatloii ap« ft«t. Hi '%h% firgt 
if i« with III® mmp$mm &i tiit 
«#l®orhla« through the ptrioarp. M smm m the flioleois4iS,t« 
ii txteM®4 thi»©tt#i -tilt pevUm?p ^ppr@:sS»it«ly tw® *1111  ^
ii mf mssw#4 th&f alteli®' mtw tetgitt* 
ttiai: ia thf ra4i®l#« 
lit#fis iaf fett» iwmA t# ©@©wp »t 
mfttr tfe# #f' labttoitioa, m^m tb® ®©nditi©Rs ©f 
ill: thi« if«%, »t8® first mitttie toi---
iiofii @a0OT in the ©®rtti: ®f th# »€id3,0# mt&mf t>et»»«ii 
tli« seutellar plat# aaA th# hii«#g«g @f the mm* Witm 
thii" p^ittt,. fwf&m 4iti«iftn» ar# Iwitlat^et 
toward the root histogens tmtll thi l##«r half #f Hi# im#' 
i«l«i tuiittiiif th© histogftt# #f th«- m&t tht ialyptr®* 
g'ta., ar« l» m aotiire §tm%% ®f $%IX division.. 
Atttr »itotio aivigi®Rfi ms f®«t ia th« roet hiitegea#:, 
ait^tit figttr«« mn %« «.»* to t&t %i»ri mi mrtlml 
@®1X« #f. th® first i%ft«©t« @r *ts@@®tyl» i<a#» 
figW'W em fen «t«ii 'ia th® @f th« ''thr^rngb-
mt ttoi #f llii ant %m. tto# iwliial 
ro©ts.. mitmm§ taiir# mt li#« fomni H tit fj?@wliig pH'tot #f 
m%$X mitm •»#«« aotlvilf Is iriittfft&t im 
mwfmlm- It&wi, 
Wm ti»« i?sfwirt€ f@r tliis mqmmm tf !• 
•itfteMt, hm mf mmm ®# ilx 
t® #|§ltt afttr tM® ttf tfci f|.r«t aitos®».* 
i« til# fiJt# lift whi@lt <&• 
i»tliiltiati@» ©f .feR# h9m tif«f|r» 
fom» fe©«» ii preMbXy **•»§# tl»«» i®*# m&>rym: 
©jEtolbit thirty lt«iara afftr tli® firsi 
tebibitioiit At 1mm part »f mt« &ift9mm» mf im- attri-
"brntm, t& Is tto# ©f thf td 
At first iffibibitioa &t wmm lat® 
Ihf .•••lii ©f thi mm m ® 
€••!##&%#€ mimt9 fm fj&i t©  ^$mmkm i»t© th@ 
##Bt» ®f tm- @®11. Ift tw«l¥# t® tiilit#« tetwig a ttts^ld 
m&%9. l« aaft rnwml .a#*t%#ll# ititlf'l^' It 
§i»#wtfe lai tli« ^'tey© fp®* ttel# tl«# Is aaalftit 
Wy m%X «l.#ii-ptfi@.« .ant Alf'iit®!! m tii« 
t»®«gteoiit 'ttof shwt flwm mtrnrnM^ 
&at l« tfe«, •,i»laal ant ftimii r©@t»* 
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## tisfs fto# tottoi* grtirtto ## 
t&« i*Jjial tellfw tte» @f g^tsaiaif 3Pt#t 
Mwmt'lm fmm l» tli# rmt ^mm* 
first oT mmmotfl #f ii 
bftwe#R the 6mt®llMT aaA $M« »#*# 
Cfif* i|» the mtur  ^ It $M 0f eills 
siff vtty Biueh flattened |» the direotioa #f tli# longitudinal 
ftxli ®f %h9 #f 
mtltitf thi« s*^i#n,, p»0w«li af %,&# #«li« li mpld, mi. 
«rmtXm »f t%9 Is ©fftufti* Mttf tfc# •luitlai 
tli»eig&©«.* til® atwttfi,,, tm mils «.f t&t 
l©w®3? p0rtl©« #2.©fig«t@ aat la 
#f til#' -^trnmUB ## ih#' pl*ale» Mf fmmm mmiMtm&mM. 
attt-rlty ooottw ia & g«« i*$Aiat«ly to' #o3.@op1;il« 
It i« IMS «f iatwMialwr wm&U 
tit 'df th# plwia«l# tmm %M •••@13. t&© 
tot li##» platttM 
m# |a%iMtt©a if m$m i«.t© ffc® tSsmmu ©f %$• • 
iipfartatli' rtqittirfi m loag@r ti«# tMa 4@«f fttll 
i»te»i«i©ii totd, ttei r»»t 'tf tie te'tsTilf -
Bt:S  ^ ©-©Efoptil# affsritttly Iteits Ifc# • ®f tMr©  ^
i-ti owt«? a»i #»«••«« tefti»a*i©a mt tfe# 
;«tiW ast 'Itavf • %m mme- m&m p^atoHy %y tli'i iatrte •©# 
mt#3? twm %M tiiinii feil#* tfe« ©©It^ptil® aisi®, 
4t til# mt p^-wth Sa pltimml#. 
8ons3.derabl« alt©tio aetiTitj «d o@ll €®S,arg®a®at 
throughout tlie eoX«optS.lt* &alsa*gmmt #f eillf iAl#wi 
%k% »fM In Imgth «:4 tte» to tetii® 
®f tfci «#ieoptile, t&w« AlmiMg mm tw tto# 
pgi,ii@a #f tfe# f#WAft • 
S»wfM #f tMt foliage if mp%€ tmm ,a»3«i3:l»t#.y 
iiswri th® ^f-fteiitiif ## 
iaas a#tivi% ©ttaff tht l®&f tliw# 
twm this t3*« tteitt# few Mfw ©f pfwlAstitii., 
Aftw tMi ti»«| ii««rth Iji ti# »i€«' t$mm #hi«M 'wtr# 
prtsent %m tl# »•»€ ©©Bfia  ^ t® aargiiiai 
««i§t®»»:  ^ m «eFis^*»tie a«ti¥ity $m a «©»§ 
«.«r ttoi« %«*«' «f *fc« l«sf  ^t©  ^
aat iifft^entiation. 
f# fit® foliage itairti ar# .pr»ie»t 3a th« 
fflstwr# «i'bi?yoi. ©f Ik# lim#i m tliii stmtj, fte# ialti-
ati0H &f m&itimal follmg® Imfei twittf taJPlr 
@f ^li# f«riM» m« tiw 
Ife# laitiatioa #f nw^eesili't Xmvm dmrm$ fli.e 
i««tt'ittg ptes# if stotr feWii m4m tti# qm* 
•iitiona of g«j?aiijatioii ia ti|« 
la til# *tw» tfe# mFiwi elmmtB nf fhp ¥««• 
iyi-t®# #f tii# .«4i' iarg^f p»fa#.giil.» 
ttraais. m« firit #fia«a©# of tbiok'^ tag ©aa 
s##.ii .is an aiia-«a.» vtg««i «f tli# mt %h» 
baa® of tte flrtf tmi» fhli ©f mmA-^St 
difff3?«t3Atio» if 4a tfct mmtm% of til lia#i 
©f s:»a Ibt ®f iras#^-sir' 
#l.«®Rt0 imm thlg point inelwAsB %h9 ligaAfioatl©» #f tli«»« 
sm^m^wy tkliltaiSAfi «st tlii #f 
w»t«lar to€l@ int© tli:# liaf ant iiit® 
mi#«lai* #©®pl®x at tb® eoleoptilt noa«, 
Appt#xi*t@lf 'fctwra &s%m ie»ijttatl@Ji 
gl»i, §mm<diMry tliiek«ateg® mm tii® 
§%mMM 9i mmntm f «#§#!« at tlii »«€«• »#«» 
@^lt* «?$ f©»ii. ir thus »iaet«»©tM 
femilis of tbe plti®ule and the vasoular oylinder #f tl# 
iafertt@i,#k 7I"- IWr^r 
4t thirty botjTi tf 
8i»# prtfeiit m tb# -vwitli-
tteottgliomt til® fl»t semtellmi* flat# iat to 
tJas pwtoxyl* tM# r»@t» 0Ottt;liJtiit|r ta&i. il»® Mm 
•eifattlifcst th:t t»ikilis »f tfc» miji littil# ®# tfc« 
60iit«ll» tai •%# #;f tti® ©©Itoptll# EOd« tliremffe tk« 
pm%mflm ©f lli# f|rg$- All «f 
©Ifa^ti still ratato tli@lr mt tfcl® tia#, Mtfif 
tto« €iff»2»Mitiatioa sf steoaisi  ^ tlil©lc«.4ftg# tii tlit Mt®- #f 
tia# flrif ftlteft %mf ani tfc® irislMt ©f tlf* 
iato «©l@0pi?il® aeia, tfei# #f 
tii#' si^artatly 
fr« plmm fe pias#, bttt !« »#r« m %m» 
iiffiwltaatottf tis® oXa«* tlssttta @f th« 
©f tfe® mttiito tfitta ## tli« 
tistory©' ©oatirg la tw« fii# dlff«rtjatisti« of thn 
^rQto:^lia «it iM m%%.m  ^ 'W tlff«reiiliaH®ii 
#f tte® ssiaEfl* ttiA •ttafiil#« Initial* wsm pmamt 
ill th# m%wt0 Aiff«r«nti«ti« -wit l.ipii#ii®ti®a 
®f tfets# ##0«p« mlmgmmM 
mA eXmgmtlm #f ©®11« tons I#©® im 1&« flFst i»* 
t-«*a#4# aai m tht old» p#i»tl#af &i pFlmif  ^TO«t* ^ ttm 
t©^letl©a #f the ©nlargemsnt ant €iffer«tiA*i@a ©f tta» ««li» 
©f tti axis that were present to the istttT.# Mmml  ^
ft® fw»tli«r .p^wth ##ews to fh© p*owth $m 
imgth 0f portions ©f th# mhryo &x%b tte®w#i th« aetiiritr 
•©f imtmmt&wy mmtmrnm mM. th# .lasjpeas# ia iiwigth «f 
*•@©^8., ii foXl^wii %f & «,t«lX&3P ©f 
tioi 0f thi aewl  ^ fojrasd wmml&r tiss\i©s. 
At: m^*'txtea%:«Xf' fiw iitff mttm §%m%m%'l^m •%#.§!»«# 
p?®wth ®«i' difftreatiatioa of mlX tissmw th&t mm fri$#at 
la tte,» «&%w® ha# fe@©a ®o«piet®4, Ml p^wfh 
tf th® «%i^© »xis tl»iifli Iht pf^d^tion ©f ii-«ir 
tiiiii# % th# iBwiitw ot -llii. pl.wit. 
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«3it«i€liii tilt f&me. df tli« 
SdRtiwt«t &t ttosff iat«a3. tmam tm 
ipitlitlita timllf a mmwmk @f taali 
miwlly Ifimg tMm t# sin #«li laywi fvm tk% 
tpltheliw* 
. Ito® #f %h9 ifitti to«l@w sotttsllar 
net# i®®t ii®t baft s emtmt tewnil#. fw© ©3? tmf hmmhm 
m'isMg'twm tfekt at tli# walellsr ii@€« ©xtiad 
t©«w«i€ aat mmkty t® t#mt tJittaf* fit mmhm mi female# 
«f My ii«« &m til# ef t&tlr .waifleati^a 1# #©a.«4t«*-
sMr 1«8» I to im mpf'ftF pmt »f 'llit 
©f to tli@ str&st® fe®-
gSAi mm aftiP' tfet r«fa«ptlt» of pwtii M the mWf® 
, fIrtt firia#a©« #f' 4s apf ©ai»mi®» 
0f mmmMw la tfei wallt #f ©longat® 
e#lli ©It thm p«ripfe@Fy #f. Mtftlan »e®« 
ttol©fc«iilsis Appear m Bost lints li«twet» «t 
iw» Afttr t&8 fetgteBlag tf ie»lmsti@ii, if 
,h#»s aftar th» appear 
ia s givtii Mh.#,. tl.ff«p«siiati.ftii .©f «l®a0O,ti 
prtp'tfiSiA iBt# tM Mmllmt l^aaefeti fowit ia the tipper part 
@f th# fli##® xflary w»larif^i» 
1iipa«litia.»l a® mhmw tfpm et AiSimmtimtM xylm el^mmt M§ 
©to#«rr«4 Ifig, e), . 
Aff®r the ammiBTf thiofe«ii8fi tf -tlst' 
*•511-. 
fettoae well ©«rtalii ©t lb® tleagat® «#ili ia %k® 
mtttmn bnadlt %@«i©at l.««s ttalaatt®* tftoplasa 
fpal's t «iit ftnelttts 4iiapp#ari,, Biem pt&tm mmr i& 
til#- s0®@^t flm$€ mM walli tf ttets© -tell-ii iwit mt im* 
tmqumM  ^ ©a# @r am&ml tltft plat®# taa'fe© 00m im lli® 
lattral wall®. fk0 ilef-« iswbts ttai t© mp&mt@d. frm &m 
mether witbia^tm %m&le W #l®ogstt, par®a@ls|mat@iis ®1®-
Btftti witU imply slalalsg eytsplmsa Cftg. f), o-f tk#i« 
fi«- 8»X1» ira«©tt3.mr hwm§ikm la tli# wpptr pari ©f tte« 
@#Rgift @f ©at ts »mr9ml tpmMm md m®f @3? aajr 
ii®t h0 by gttT# tmbef s»t p»mmbym&, Heafsfgeiy, 
tte® s*aa.I.» Wm^hm %m tht 'btlew tl ®f tto« 
snii-tetllar hqAi ©a® m mw9ml &im% ftttets mat. art 
slwys mmmp&m%9€ % isverA pai»#»itoywa.%-®tt8 tlta-ea-ts 'bm% 
-emmim m A ,f«w tf fli##® %»iiil®s sr# 
^rmmt m npftr -half .#f lii« stmttllw,. #3ieept: at lb® 
tip» fareaeiifw tills #11 Itot pmtpherf ©f »©sf ©f tli« 
lapf® fettiiltf t©a®iAaf tfeiiktuM mil# with l&i»g® 
ilnplf piti, 
ftei® a-etiw ?a®#Mlsr l>wii<ll« @f the setit#llm ii ® ©©a-
fewiidl® @f %lis .«»pliifaial trp® (Fig. f), fli® 3s^l«a 
«lia«jits €0 B®t foiM a ®0«pl#te #ylj.iii«r ©». tb® ©rntiM# «f 
ih® fei®tl«| g@l*as of parenchyaa &tiim h&w&m tM pM.#iK® 
f©r ih©*»f Alstaii©#®! «,»p#@i&lly aear til® ©f 
bwai® showlBg «t»nAf &f mmlmutem $»etai®4  ^
m€ soatterst mlm® tvibos. 
ttwrouad tlm ani. iir@ %xk%mp*' 
if«rg«i with ii«r« tub®* witMa the 
zwx ,  
fmmrm9® ieotioa »f %k» ii^a» itrnttllar 
bimdl®. 194X. 
«p- «i#r# t«b«i t,,. towhftiAs* 
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fif. S» Longitudinal section of the aoutellnis and f$m$ 
, iatem&A0 «h&wSjig th@ ^mtsmuiw ®f zyXs  ^
elmmt8 of the sals seutellar bundle with 
t-tflsrti th0 TssotiXar eomplex at th# 
ooltoptil® aot®, 3®lt» 
fig. s. 
iiif@14iag® whi&h &»•?« !»«« 
ta »©i^:b©3,@  ^ ©f the %l.%h«14ii» te»'iag 
g®mtastl« a^« i^® «l&rge»«at tli« ««11» ©eswi 
4wi»i th# ©f tern*, %& a glT®n Itii#! a© 
itfiiiit® gr©wt& to laagtli @f tte# ©ill® 
fli« smrfatt ooatow s»t tli« ®f tli» Ijiyti? art 
i^arl&bl® fwmm fla@t %q pXmm m. ammilm* ^9 
ttot mpfsr part tf liii leatilliii %mA $® 
tot l@agty tfeaa thes# ©f tk« 3.sw.©i* s#®i gF©mp« &i eells 
a.F@ tw@ %m& m€ memMif ts*«« l©»g« %hm ©Xmelf adja-
etat gi*«p® @f ar@ 
0siBffl©Blr p»mm% in th# epitbiell« M% mm ddwfiuM 
m »i»gl.# #«1l3.g #1? t® »«all •^m^9 #f 
Litflt siiaag# in o|"t@l©gteal 4®tal.l mn "bt ii©tet lii- tte© 
^itlisll.* tilt ©omrsi #f gti?*iaati@a, 
rtasiiii ovoid t@ to #liaf« «ft *aiji«alfts m set poii* 
tlttt Im ©ill.. Ill® 4@®plf»staiiiliif «to*atifi mtmwk Im 
fli« ttmtitw tf tplfiitllt'l itllf i« «©i*® tlfttoit tlwB 
ttet ae»tt ia ©tlii ef !:&« I® tjrtli© ©tiaiig®' 
la to Bm©3.©a8 wit m f«rio€l® p-r«««B.©« aaft ®f ©yt©-
plasal© •|sslmsi©n-.E ms 
fls« s©»#iiiat tp«fliilii#! till# irtiltfe 
tm l«ri#y papt &f tl» &m quite mlf&m M itrw* 
tme  th% smp tlit the  otlls 
art mmAy ImMmmriB mt tm€ %© fef l8#g8P «»t mm® 
the $mte» @f tfe®- scutelliaa, Iiif«i  ^
if Hits m§ f'iaatlvtlf •mAX nmr tli© tpitfttllwa Mt 
are «©?# tfe# fit# #f tm itmtillia. 
fM® ©til wslls ef tfe& icutellay pmrnmbgrn in ttit satw# 
«.@e|L art tiilikty tfeaa tlif mlts ®f »4iaaff 
@lif«& e@Xl8.» th# fi»t few iayt 0f gBm'imtim.0 tfe# 
mlli »#-f« tliltkfaei % tM# ©f 
ftalmaM# m&terislM, l&ygt iispl® pits «*« 
#f tfc#' ##ll &mm§tS'4 whm- tk§ i® 
lmg0-g mmy pim mm pmmm «t tms. to ratlally sri^saftt 
iFlf. i), &« mwm of mf o@ll mmtm% t« mry larg®, 
appr©s#bJag p#F©«t ef tli« fetal 
©@at»0f 
#f tfee t.eiit®llaF 
m$M mmmlly fl««t iuriag g#»s,»s.ti©a mA mmt&lrn ®r 
tw® nueli©ll». Santtlatsly after gei*iaati©a ^egias, %h9 
mmlmi »# feaaa t@ Ij® ytgiilarly iph«J»i©at &f B«?lBf 
tli« &f tilt flpit i&m toy# 0f ger{Blnatl@a|. i»tty 
iiiiil.«i pradmlXy %mm  ^ in shape aii.4 finally &!•« 
fig, ®. f!raasv®r«« ttofioH #f tm ah^wiag 
a«ol®l %M th» «0mt#llLar i»f@a«hya& mud 
th« large ©its pjp#»«iit in th® 
mox. 

*43* 
rmy mmk Sh i» s<»« @f tfe® ©•ia.ls 
ooMti :s® pronoisao^ %hmt & l©t»@8 
tli® reft of til® ttei #©»«t4ttttiag as asit^tle 
nmlmw tlvlaioa* f<ot atl awclsi Itt t&s fomtellar 
fe«f®ae distorted; tto iitttlti ©f most @f tlif @@ll0 la the 
rfgwa adjaetat %m tftt rwala twit# aiMal ia 
mpprntrnm wtSl, lat® la ge-f»ii»tiaii. ffa# tenitsey tewaM 
'bmmiMg lobulal© li aOFe to tlie «illi nmr %M 
tttttr&l side ®f tto# 
fht eUaaget wMsfe ©©«»• ia tfela tliam# Aarisg 
g«»liia.|ita mm f«w, M%m' th® tBltisX e# tli« 
Ik# gimfimal l©is #f atafeh .ast p»tf.|a i« 
#fia«at, «8p:«®iaily -in tli# «@ils tf the rmwml fli# @f 
th« fk9 ematmt ap-@-i^©slti@a. ®f it^eb la the 
#®lli .!s#ai» tilt atkas. aif thiaiit ia them etlls 
Itii 
etof#i ia mtlB tfe# semtellsr pai»#tt«h|»a mmt th® 
wm%m% tM« ef tfc« g-tttitHa* ar« -fRitty mm 
«#st iitolttsiotts are l©ti» «srly in gt»lw-fi0a., ant littl® m 
m @f sta».fc la ttetst 9tain 
snail gpsAttally f©ai«s«t as tfe# Ha®® ©f iB®l»ii©.ag 
is l©st« % ttet t%Me ail «taF0h mi, &tMr ©ftdpla-isi© in-
tef© to««i » !«?§§. ©mwsl mm^l% toas 
f#»@A »€ th# mm%mB mat eyf®plmf« ar® t© tJi© 
ptripiiery &i %he @tll« A iisil^adr #f «r«ais ®ft-
in til# 9«Ii« @f tm lat® to 
f®i»aiaati©ii, 
ioK^aspatift ©# Iiitorsts lai HytoMs 
il" tfalrly i«r» la ®#g-t 
liaM 0f it», pmmimllf all. ®3r th# liaf'# 
btta f©w«ft «biah will prestat la thi m%m^ i#®i at 
fesfV-tfl. this tto® »f 'Or^a laltiati#® ant 
tli« mtva^mtlon tii« ««©€,. .it©wili Jia th# i« #i«pFis#t 
©f l'£ai1|.#€ iiiilai«'ittiiit ®ii€ ©f 
m til® Ooiiieltimf witfc ttoii ®®a» 
tto««€ mmt$mm% @f aoferr®, aiff«r«%litti®»' e# 0#li» 
ant t.|i««$« #i«iii*i,.. 
It li w@l3, tedm ti»t lia«i »f ©«» tiwtldp 
•a% tiffwifti rat«i|, thtttgM tli« mm$ & gl.T#a 
gromp ©f liaei naf l3« ii.|#it. S&a« #f tfef, tiffireaii'«« timt 
«»« »«@ii »« tii#it «gfcibit®a. fey iatoy®ii sad tfetir 
lifliPlti tw-lttf m «©#«. aft'tt* f&«i.« Alff«p«a@@i 
mmy M th# «f fWf teg #f 4«ir«l®|«®a« 
tl.ff«»'Satlat4«a #f @i*giip:i m ti««« as w@ii as 
to IMt t'M# ®# f«iaitlAti#ii ®f' 
la %fa# ©nbryo. 
lelatiy#' #f .tk# 
»i# asaswatt.# m&tmlMml la lit 
t«fe3?|'«8 tht s-iiA hfWiM ftmiiit. »© tli« rtlativt 
Itaf nuiabir aat tht ©f 3?©®ti,. fb# pr««t»©# 
o.i* As mm' ®f « TO®t iaa %# mm^ Iml i&«t • 
r®iil*iotion wif't %• tfe# #f 
@f tM« ydwiftn'l liaf It &m bt 
ttv® m .4«gi»0« #f Atfilopment ia a €«ftnlti 
f@M is mMm% 1i#-tw®©a tfe« atwly Itaf ititt tlit 
sf^ . ms •«#«»$§€ as a • 
fht :iiite«a Ilo«s 0i4g0 0»4ii #ai thtit* •If'teiA have 
fiT® at niarlf sa.»» d#gi»#« tf S@'r«i0^®mt la tli« 
Bsttire s#®t« flii.0 §|f«i s«*# tiat mt® ©f 
^mrn^Q-pmmt #f tfa# e«l»i^#s m« tiailar teriaf t&e 
to©iw«#a sb4 mtmltf M tli® kmm^l, hy* 
wm m§ tom^ t© mrf slightly m&m adfrnett, wit-h it 
fli^tlf Irnrgm fiftto l»af sat ths itsitiali #f %um »lxtii 
imt la tf'iitsi#, 
lit fiMl f©-ar iayf ©f f©Mt««tion^, a ©hang® la 
fi»©«th rat# 11 itpf«rsiit hf ©f tli# fsmiiiatiag 
kspiitli* Ifes lateti ti4^ aat tli® ai»» v®.!^ siailap 
$ M '^ll® ftet la^rtfi 0s4'2i, hat 
ftmiimtit ili^tly iatw, ms lei# adfaat'tt. -la l^f t«» 
Vil@p*iat^. ti4« imm% Qf4» «i4 th# liyl«»lA feaa imf m, 
liat ealy %m slxtk %mf 
%& ms em% pfiflod df t3.»f Cfip, |,0 » 12) • 'fkm t-igia»ifr 
@:f thii mawpmm teai@a"i#i « ©f gr^fe 
s»fti,©a m »l&mp m%% #f %mf .liiitlatita i» 
©s426., 
A®@af ttei t»^®i l,ia«« l«^f anl .«at tlitij? I^fe.i»it, 
Uli® l,ta# %m9 «t tet# fit*® 
la 111# ^fw# kffittl ift: a itst® #f 
•fM« labrtt ii fottut t# haf® ©aly fo«0? ieav&ti *h# 
itaf if f'littl# ©Illy m m iiaf iaitial, 
A% t&t ttti @f f®w dmft 9f f®r»iaatS.®is,; Ih,# iabr«t %m9 
sat tht meb ittta tmwm ©f th# «a®t t^tn @f 
tk# lute'ti laii at IM# l-l«» hmM l.«av#« 
(figs, IS 15) mi» tii1»®€ ii thw wtaktif #f ttios® stiiilftf 
it ge»|aat«t imttr tlnffl %m #tli®r Itotig aaft la 
mmf-  t i*  mw^m "i topea^ th t  
fmtkm mf th« ti»# %§twmm 
initiations wsaXt preTit# mme 
mtm #f gt»@wtb, %m imefe Amem^mmims mw 
m%. wifhia tlie ©f thta ttMf# 
la All til® llati sttt€i#d, tli« t»® p#8t'«'i#i"' 
r«®%f w«r# prmmt in- m^rtof ®f Awtl^stst, 
a«3it |»««t indioation #f the rtlmtiv® 4iff«i»«tlati®ii #f tli# 
tali'i'ds was ©oaiidtrti te fet tti# pr«8«a®« #r 
flfS. ICVIS, toagltudiaal sections of the plmtale of 
iii"bf®ds and theix hi^hvl^ fhotftttg &tlw® of piia«lai* orgaii® &ftm 
@9 hotirs of g®niaati@ii. 
fig*^ 3,0* Inbred Os4^. wmmm %mt hft» hum 
flg», il# 00426, fh# slxih S.»af Mi %•#« 
ialttatst. mx. 
fii. it, if^i€ @«4a) X 0s42in iw« iwt» m® 
pwmm% 20t» 
fif* 13* %m9* t«f« l®av#i m9 pwmmt, 
SOX. 
fig* 14» Inbret I»i.» fin, 
mx^ 
H$* li* Bybyid h2B9 x I»i. i«r» lmw&9 m^0 
prm0nt» 0OX* 

ttoiM tfeii rmt %§ ngmaily teiftotet m t&# 
fm'$ 0t t&# mWf^- mis plat», 
it my *erft twm th# titiwi at * 
f#r«t poiftt. 
In %M iateiti m^m ml. ©»4ii, th« 
hut mm mm initiate % %m t%m #f mtrntny #f 
tt m® m t&# k«»#l ®f tfc# Sy 
thii^f it«iwi*i ftfttr tli« %«fl*atfit ## tfc® 
i^tt i«f btlRf iaifiiittt in the mm w%^wm9 ia* 
^4iS'> i»t iift« »#t #viti«f ta %hb i»"tof«lt 
m%m* 
m&m% tk# %mW^$ l#»f «fti I'^ S ittt ttoif' a 
•itaatioa t# tjiiit* 1» i©aii«t«t 
^wmmm 'tf nox*i anterior 8.«s|iiat3. r®#t-i wi ftmt ia tlit 
Mf^titi^i rt®ti 
mm fom^ im tb# wmkew iafertd, 1035» wtoitlt *tr# iiiiti»t®4 
m% my ptm0 ©a tto# •abify# mxii 3^w ls«l.#w tli« itttitlimy 
flmft m %m ar# f«ws4 t# 1j« 
wtll aeveloffi awt &i%m l®af M th® f*4i«i«r ftet 
taa# iit^tittt m$ f#«t t© «i»t Itt. Stet iasA th« 
ii©p«®l «t«ri®r wm^mX rmt m& mm lmiti*t«i »itli «ar 
regularity until hmm &f -geiPKiii^ttiftR hut 
©Ittpi'M, i^«t« at mf plmm 
« WM first *« tt #««w €miag 
fte# iiii*ia»tii« #f tte# 
M tM%M sw«r 9t tm 
mm^hm tml8»t€ Aaft faybpM mwfm^ tli« wttrapt mt »t« t© 
mmkm tm ml&tlm rnitmrntimtim @f 
'm %%mm»-.g mm wiM 
&§ mm$mm ## tettwsls, ft# oonsiet^aoy %li» pattiimg 
#f Ui m^wfm #f • iiff•feat 
lints wai also stuaied. 
la ftimia t^ariiiaf sf "lfc« #f €1#* 
f#r«t iimts. It is apparent tiptt mim ;lft th« 
§inm ## vaFlo»:8 at may ilf«a teing 
gemlmti.m0^ mi. ©f tmm tiaittti 
fmlm itt d®gr««. pi»©gp#«iiv® ifiitiatina iwid dtff®r«ti» 
mtim &f ©i^a#' apt m -*h# f©lS.©w« it 
ia tfes# and hyt^rids . 
Is a»ki»g of suoh %te® fis«idl 
«iralaftlsl©ft ©f diff«»®a$..iati®a '©f 
til# tiismt itt .fiestion 1« difficult fettaisi ®f tMt ir®»y 
mtmm @f tiff»r«»t.iatloii ia aaf #«13. m 
mmBmmm%M ®f dla«ait#ii @f m glTtn tisf«i« ,4» tlit 
wdtfftFittlat#! Stat® th® diffiemlty #f 
^«af© ©a® tiiw# 'litglii m& tfet aijat^f titiw# #Eto» 
Mly differentiated lititt# tystm t©*ild 
to# »d# and ai^t he 0®»iS.d^^^ wHidi, Sat# 
account "tti# errors involvid la »#as«r®m®st of dlf* 
tmmi$m ia plaa® ©f s®@ti©ii,t .«ftd tli« dlffwtn®®® dtt# t# 
the compression and subsequent mwm /%M 
tfae rsqiiirfi «•&•»•<»«» t»t Mmmw  ^
•wwAA %» tf • lit *$««# m& mmM gim m Mfmmmttm 
on th® rel&tXv® a©v@lop»iaf «f the tffariw lta#» 
$m th«' law# kmma.^ 
iiiamii «f %te« mtiMMlm M tl«t #f la aar 
girm diff«!»«»#-#• tint *««• »t a#talii# 
mmg *#ft ©f' tki %mm tm teteti. !!»•• 
»»€ t@ fswlaat.# later 
the other lines, fh«»« mm w«fikfr tf ttet 
lm$ -t-iitr t» ir©irt& testfUiwi th# p«ipi®t #f 
i©raiaatl©a.. !•#««»« «f tliig aff«r«t: $M- th® 
ttet ttf •^mu It wm #f m^mmt %m 
iirti«tli«r •t4ff«rtii©©s fii. tte# tin# W rtiaitimti®ii ©#•' 
Mitotic .a®tl.vl%. 
©f th® liii®« Mm, Oi4Si ait;4 Ibsir hyWiA^ »© t|f» 
fmmm in th® tlat of app«iti»ati @f th@ first mltoti© 
mm %m th® ratlisXs #©iilA %# 'Ih# '^ hf® 
Of f»m€ within a line* 
in- th« «#aparison of lla«« tM$-f I^S ftaft' thiir 
hyiii»it|. a tifi.tet tifferwt ,iii^ th# iiii« #f m%%miM rt-
wtiTOtioa mi- fht itthr®a liii# ISOi 
Mlilti. »# attlfity imtil six to nm$ .hwa rnftm 
tm MftolJ i f  i»  l l i«  i - i t t#  m$.  t to#,  
hybrid. 
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hrteM ant Her# vlferew la%t*»i wm9 
in its# i®4 i#r«l@pitaf, both i® mtm^ ktips#!. 
aat at tmtm ••!«§•# fto# %ms 
lalirti ia %mh ©&«# txii.'bittt i®«« mi-riistsatat im® %©• «t 
in fiPtwftii twrlttf ®f tto® » t© 
a mte tf g»wti iwiiif mmf 
ttii iti'tifigfitita wt litt t« pp@T# tfef «i«t» 
mQ& ®f 'la %M miti, hm t® tiifww 
«.ri«»ris sight Is# wiet m tMt fWitlfatiir# at 
@f »fphologitmt h^W®m ittlirtts miA 
tiitir mftmmmm. t» tmsl #f teir«l.©piif»t mm 
ii®f riaAily tiisiw&tel,# thi» m§m tortfi 
ant tfct 'tarferit to m^h fast. Ift tim limm #s4^, ©i.^i taA 
tM«:iyr v^rf iiitl® mtfmmm to a©ippli#|.@gleal 
i«r©l#p««at hm. mm %9%mm tteiir mWfm 
$m, til® »at«r® k«»sl. fh%» ttet # •,t»il«r mt® 
#f twtltpiitat iB the to®® lte«8' tw&m the tl«« 
@f t# th# tin# #f #f th@ 
Mmm$ tJi« l.in«f li6§ lh«if l^brit, ttot 
mWym of th# Ita® liSS tei 2.««i f0lii^,t tmf awi 
©thenrii# tiitliieflf umll^T Ihsa th« #f th® ©thesr 
iia#s, 
this i^iisr «it« mA tto« lask ®f a fiftli 
l«af »y &% fkvBt a# thut tfc# 
if at^l#i«»gl0aliy im# t@ «• sl©w#r »t# #f 
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SWWRf 
fbl® mm mtwrtrtta. m f^©vM@ safQwa--
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